A general expression of the axial-vector current is presented, in which both the effects of the chiral symmetry breaking and the spontaneous chiral symmetry breaking are included. A new resonance formula of the axial-vector meson is derived and in the limit of q 2 → 0 this formula doesn't go back to the "chiral limit". The studies show that the dominance of the axial-vector meson is associated with the satisfaction of PCAC. The dominance of pion exchange is companied by the strong anomaly of PCAC.
INTRODUCTION
The τ mesonic decays have been studied by many authors [1] . Chiral symmetry play an important role in studying τ mesonic decays. In the theory of τ mesonic decays there are three parts: vector currents; axial-vector currents; meson vertices. The vector currents are treated by VMD. In the chiral limit, we have
j i µ is derived by the substitution
in the vertices involving ρ mesons. There are three terms in the axial-vector current. It is known for a long time that a 1 meson is the chiral partner of the ρ meson, therefore, there should be a term which is similar with VMD, axial-vector meson dominance. However, a 1 is much heavier than ρ and the mass difference is resulted in spontaneous chiral symmetry breaking. The second term is related to the mass difference of a 1 and ρ meson. The third term comes from the coupling between the pion and W-boson. Combining these three terms, the general expression of the axial-vector current is obtained 
where j iW µ is determined by
There are two parameters f a and ∆m 2 . Using Weinberg's first sum rule and the mass difference between ρ and a 1 meson, the two parameters are determined An effective chiral theory of pseudoscalar, vector, and axial-vector mesons has been proposed [2] , in which the meson fields are simulated by quark operators. For example,
The realization of quark operator forms of meson fields is done by constructing a proper Lagrangian
µ + ω µ , and u = expiγ 5 (τ i πi + η). This theory has following features: chiral symmetry; spontaneous chiral symmetry breaking; quark condensate; Vector Meson Dominance(VMD) is a natural result; Weinberg sum rule and KSFR sum rule are satisfied; Wess-Zumino-Witten Lagrangain is the leading term of the imaginary part of the effective Lagrangian; constituent quark mass is determined; large N C expansion is revealed and all loop diagrams of mesons are at higher order; two parameters of Chiral Perturbation Theory are determined in the chiral limit; there are five parameters: three current quark masses, a cut-off, and a universal coupling constant which is chosen to be g = 0.39; theoretical results of masses, decay widths, ππ scattering agree with data well. This theory is QCD inspired, self-consistent, and phenomenologically successful. The cut-off Λ is determined to be 1.6GeV which makes the theory suitable for the studies of τ mesonic decays. In this theory they are determined: Γ ρ = 142M eV and m a = 1.20GeV .
We have applied this theory to study τ mesonic decays [3] . The VMD is a natural result of this theory and the expression of the axial-vector current is derived. The meson vertices of the τ decays are found from the effective Lagrangaian of mesons [2, 3] . Therefore, this theory provides a unified study for τ mesonic decays. There are additional features in the studies of τ mesonic decays [3] :
1. The vertex VPP depends on momentum.
For example, f ρππ derived from the effective Lagrangian [3] is no longer a constant, but a function of q
The radius of the charged pion is determined to be
which is in excellent agreement with data.
2. The vertex AVP depends on momentum.
where p and q are momentum of ρ and a 1 respectively.
3. The resonance formula of the axial-vector meson takes a new form
, where ∆m 2 f 2 a is related to the spontaneous chiral symmetry breaking. In the limit of q 2 → 0 this formula doesn't go to the "chiral limit".
4. The normalization constants of the vector and the axial-vector mesons are different.
The tree diagrams are at the leading order in large N C expansion. All the calculations are done at the tree level.
The vertices a 1 ρπ, ρππ, W ρπ contribute to this decay mode. This theory explains the existence of a ρ resonance in the final state of this decay mode. There is a cancelation between the diagrams. After taking the cancelation into account, we obtain
The a 1 dominance in τ → ρπν is revealed and the dominance is caused by the cancelation which leads to the axial-vector current conservation in the chiral limit. The branching ratios are computed to be
The decay width is determined to be
The ratio of the decay amplitudes of the a 1 meson, d/s, is calculated to be -0.098. These results are in reasonable agreement with the data.
3. a 1 dominance in τ → f 1 πν f 1 meson is the chiral partner of ω meson [2] and the mass formula of f 1 meson is derived in Ref. [2] (
is from the Wess-Zumino-Witten anomaly and it is used to calculate the decay rate of this decay mode. The narrow width of the decay f 1 → ρππ is revealed from this vertex [2] .
The data is (6.7 ± 1.4 ± 2.2) × 10
(CLEO recent measurement).
Effective Lagrangian of ∆s = 1 weak interactions
Using the K * fields to substitute the ρ fields in Eq. (1), the VMD of ∆s = 1 is obtained. In Ref. [2] the chiral partner of K * (892) meson, the K 1 meson, is coupled tō
The mass of this K 1 meson is derived as
It is lower than the mass of K 1 (1400) and greater than K 1 (1270)'s mass. The widths of three decay modes (K 1 → K * π, Kρ, Kω) are calculated [2] . It is found that K * π channel is dominant, however, B(Kρ) is about 11%. The data shows that the branching ratio of K 1 (1400) decaying into Kρ is very small. Therefore, the meson coupled to the quark axial-vector current is not a pure K 1 (1400) state, instead, it is a mixture of the two K 1 mesons. It is K a .
In this theory the amplitude of τ → K a ν is from the tree diagrams and at O(N C ) [2] . The production of K b in τ decay is through loop diagrams of mesons which is at O(1) in large N c expansion [2] . This theory predicts a small branching ratio for K b production in τ decays. The axialvector current of ∆s = 1 is obtained by using K a to substitute a 1 in Eq.(3).
Both the vector and axial-vector currents contribute to this decay. The vertex πK * K * contributes to the vector part and it is from the WZW anomaly [3] . The vector matrix element is obtained
where p and k are momentum of K * and pion respectively, q = k + p.
The axial-vector matrix element is obtained by using the vertices: K a K * π, KK * π. In the chiral limit, the expression of the matrix element of the axial-vector current is derived
The amplitudes A K1(1400) , B K1(1400) , A K1 (1270) , and B K1(1270) are determined by the decay widths of K 1 (1400) and K 1 (1270).
The vertex of K 1 V P is found from Ref.
[2]
The amplitude A K * Ka is determined to be are unknown and we take them as parameters. Both K 1 (1400) and K 1 (1270) decay to Kρ and Kω. Using the SU (3) coefficients, for both K 1 , it is determined
This relation agrees with data reasonably well. are other two parameters. In the decays of the two K 1 mesons the momentum of pion or kaon is low, therefore, the decay widths are insensitive to the amplitude B. We take
The decay width of the K 1 meson is derived
where
m P is the mass of pion or kaon. we choose the parameters as
from which the decay widths are obtained
Using the two matrix elements(7,8), the distribution of the decay rate is derived
where p is the momentum of K * , q 2 is the invariant mass squared of K * π, and
In the range of q 2 , the main decay channels of K * are Kπ and Kη. The decay width of K * is derived
In Γ K1 (q 2 ) the decay modes K * π, Kρ and Kω are included
For K 1 (1270), Γ(K 1 (1270) → K * 0 (1430)π) = 25.2M eV is included. The branching ratio is calculated
The contribution of the vector current is about 7.4%. Therefore, K a is dominant in this decay.
The data are 0.38 ± 0.11 ± 0.13%(CLEO) 0.25 ± 0.10 ± 0.05%(ARGUS) There is another decay channel τ − → K * − π 0 ν whose branching ratio is one half of B(τ − → K * 0 π − ν. The total branching ratio is
The width is about 230MeV.
τ → Kρν and Kων
It is the same as τ → K * πν, K a dominates the decay τ → Kρν. Both the vector and axialvector currents contribute to this decay mode. The matrix element of the vector current, < K 0 ρ − |ψλ + γ µ ψ|0 > is determined by the abnormal vertex L K * Kρ (47). The axial-vector matrix element <K 0 ρ − |ψλ + γ µ γ 5 ψ|0 > is obtained by substituting
Using the same substitutions in Eq.(15), the distribution of the decay rate of τ → Kρν is found. The branching ratio of τ → Kρν(two modesK 0 ρ − and K − ρ 0 ) is computed to be
It is about 18% of τ → Kππν. The vector current makes 8% contribution. The DELPHI has reported that τ → K * πν is dominant the decay τ → Kππν and Kρν decay mode has not been observed. The recent ALEPH's results are the K * π dominance and a branching ratio of 30 ± 11% for the Kρ mode.
Due to the SU (3) coefficient we expect
There are vector and axial-vector parts in this decay. The calculation of the decay rate is similar to the decay of τ → K * πν. 
where a and b are the octet and singlet component of η respectively, a = cosθ, b = 2 3 cosθ, and θ = −20 0 . Due to the cancelation between the two components the vector matrix element is very small and can be ignored.
The vertices L K1K * η and L KK * η contribute to the axial-vector matrix element and they are derived from the effective Lagrangian presented in Ref. [2] .
where f K * Kη is the same as f ρππ in the limit of m q = 0. The decay width is similar to the one of
The branching ratio is computed to be
The contribution of the vector current is 3.3% and the axial-vector current is dominant.
Strong anomaly of PCAC
τ → ωρν Only the axial-vector currents contribute to τ → ωρν. At the tree level L ωρπ is the only vertex involved in this decay channel
This vertex has been tested by τ → ωπν, π 0 → 2γ, ω → πγ, ρ → πγ, and ω → 3π.
The matrix element of the axial-vector current is obtained
In the limit m q = 0, the axial-vector current is not conserved in this process. The pion exchange dominates this decay. The decay width is
mτ −2mπ , k 2 is the invariant mass of the two pions and
The nonconservation of the quark axial-vector currents found in the matrix elements shows that there is anomaly in the PCAC. Taking one abnormal term as an example of the strong anomaly of the PCAC, the PCAC with strong anomaly is written as
The abnormal term originates in the WZW anomaly.
On the other hand, using the VMD we derive
The background of this process comes from τ → ω(ππ) nonρ ν. Only the axial-vector currents contribute to τ → ω(ππ) nonρ ν. There are two kinds of vertices involved in this decay channel. These vertices are derived from the effective chiral theory of mesons [2] in the chiral limit.
1. The vertices ωπππ and ωa 1 ππ are
These two vertices are from the WZW anomaly [2] . Using these vertices and L A , the matrix element of the axial-vector current is obtained
where k 1 , k 2 , and p are momentum of π 0 , π − , and ω respectively, q = k 1 + k 2 + p. The equation shows that the matrix element obtained from the WZW anomaly is not conserved in the limit of m q = 0. The pion exchange is dominant in the term which violates the conservation of the quark axialvector current in the chiral limit.
2. The second kind of vertices are vertices a 1 ρπ, ρππ, W ρπ and ωρπ. The vertex ωρπ is from the WZW anomaly. Using the vertex L a1ρπ , the decay width of a 1 meson is derived
Using L A and the vertices, the second part of the matrix element of the axial-vector current is obtained
where k 1 , k 2 , p are momentum of π 0 , π − , and ω mesons respectively, q = p + k 1 + k 2 , k = q−k 1 , k ′ = q−k 2 , A(k 2 ) and A(k ′ 2 ) are defined by Eq.(16) by taking p 2 = k 2 , k ′ 2 respectively. This part of the matrix element observes the axial-vector current conservation in the limit m q = 0 and there is a 1 dominance.
The theory makes explicit prediction on this decay The branching ratio is computed to be B = 0.37%.
The data are 0.39 ± 0.04 ± 0.04% (CLEO) and 0.41 ± 0.08 ± 0.06%(ALEPH).
Summary of other results
The decay τ → K * Kν is calculated [3] . Both the vector and axial-vector currents contribute to this process. For the vector part only the ρ meson is taken into account. The vertex is K * Kρ from WZW anomaly. The vector current makes 92.5% contribution. The peak of the spectrum is at 1.5GeV. The theoretical result of the decay rate is compatible with the data.
The K * meson is dominant the decay τ → ηKν [3] . The vertex ηK * K has a form factor which is the same as f ρππ (q 2 ). We obtain[3] B = 2.22 × 10 −4 . The decays, τ → ηππν and η ′ ππν are calculated in terms the theory [3] . Besides the vertices ηρρ and η ′ ρρ, there are contact terms. It is found that the contributions of the contact terms are negligible. The theoretical results are B(τ → η2πν) = 1.9 × 10 −3 , B(τ → η'2πν) = 0.44 × 10 −5 .
Conclusions
1. So far, the theory agrees with data reasonably well.
2. In two flavor cases the a 1 dominance is associated with PCAC.
3. The dominance of pion exchange is associated with the strong anomaly of PCAC.
4. K a dominates the axial-vector currents of ∆s = 1.
5. The momentum dependeces of the vertices VPP and AVP are very important in understanding the τ mesonic decays.
6. The new formula of the resonance of the axial-vector meson doesn't have the "chiral limit" at low q 2 .
